In this study, cotton fabric and coconut shell were integrated in particleboard to reduce the use of wood. Particleboards containing mixed rubberwood and coconut shell with an equal weight ratio have been integrated with various layers of cotton fabric. These materials were bonded by urea formaldehyde with a content level of 12% by weight. Flexural and water absorption tests were conducted to analyze its mechanical properties and dimensional stability. Results of flexural test showed an increment at least double strength values in fabricated materials as compared to control sample. The existence of fabric in the particleboard system also improved the dimensional stability of the produced material. Enhancement of at least 39% of water absorption could help the dimensional stability of the produced material. Overall, these new particleboards showed better results with the incorporation of cotton fabric layers and this study provided better understanding on mechanical and physical properties of the fabricated particleboard.
INTRODUCTION
Particleboard is mainly used for furniture and light weight interior part in construction such as cupboards, partitions, ceiling and wall components 1 . The worldwide demand for this material has increasing trend each year at most 5% per annum due to the growth of housing construction and furniture manufacturing industries, effect from the increasing populations 2 .
This situation has taken its toll when wood-based industries all over the world are facing difficulty in obtaining wood raw material. As a consequence, deforestation and forest degradation have become threats for the environment which would give us bad impact in the long run. Therefore, there is a need to look into alternative raw materials such as agricultural wastes to replace wood particle as well as reduce the cost of manufacture this material 1, [3] [4] [5] [6] . Some advantages of natural fillers over traditional ones are low cost, high toughness, low density, good specific strength properties, reduced tool wear (non-abrasive to processing equipment), enhanced energy recovery, carbon dioxide neutrality when burned, and biodegradability 7 .
Bahari et al. 1 incorporated coconut shell in his particleboard which results to decrease their particleboard mechanical strength and this is quite inferior as compared to the existence rubberwood particleboard. Therefore the setback presumably can be enhanced by hybridizing the particle composite panel with textile fabrics.
Particleboard were developed from the combination of three elements; coconut shell particles, rubberwood particles and textile fabric as reinforcement materials. With this development, an investigation on the properties of textile fabrics reinforced particleboard from coconut shell and rubberwood particles was conducted with the following objectives: (1) to determine the mechanical and physical properties of agricultural waste particleboard reinforced with different layers of cotton fabrics, (2) to determine the mechanical and physical properties of agricultural waste particleboard reinforced with different layers of polyester fabrics. Finally, the suitability of textile fabrics reinforcement in the production of agricultural waste particleboard was identified.
EXPERIMENTAL

Materials
Particleboard has been fabricated using rubberwood and coconut shell as main materials and cotton fabric as reinforcement. Coconut shell was obtained from coconut plantation in Sabak Bernam, Selangor, Malaysia while rubberwood was supplied by Nian Niaga Pvt. Ltd, Malaysia. Urea formaldehyde with a content level of 12 % by weight was used as binder. Medium weight woven cotton fabric supplied by Inovasi Uyon Enterprise was used to reinforce the particle mixtures and the specification is shown in Table 1 . In order to investigate the effect of cotton fabric reinforcement on the physical and mechanical properties, cotton fabric layers were inserted at different position. 
Fabrication Method
Except for the fabric insertion part, the method of fabricating particleboard for this work is similar to the method applied by Bahari et al 1 . Rubberwood and coconut shell particle with the size of approximately 0.1mm which previously have been crushed using a hammer mill machine were dried in an oven dryer for about 30 to 45 minutes. They were then mixed with the ratio of 1:1 by weight.
The binder was prepared by adding urea formaldehyde (UF) with 2 % ammonium chloride (hardener). The concentration of hardener was 20% and the binder content was 12 % out of the mixture weight. The resin was applied through spray nozzles mounted on the blender on rotating centrifugal applicators that atomise the mixture materials.
The mixture was then manually placed into the wooden mould (dimension of 325 X 325 mm) alternately with cotton fabrics (sandwich method). The fabrics have been wet with UF before it was laid alternately with the mixture to ensure optimum adhesion between the mixture surface and the fabrics. This combination was then cured in a hot press at 170° C for 6 minutes. It was then cooled down under room temperature and left for 1 hour.
4 types of sample fabricated for this work are; rubberwood and coconut shell as a control sample, rubberwood and coconut shell reinforced with 2 layers of cotton fabric (2CL), rubberwood and coconut shell reinforced with 3 layers of cotton fabric (3CL) and rubberwood and coconut shell reinforced with 4 layers of cotton fabric (4CL). 
Testing Method
The flexural test was conducted using three points bend testing on the Instron 3382 machine in accordance to the British Standard, BS EN 310:1993. The dimension of the specimen was 290 mm × 50 mm × 12 mm. Span length was set to 240 mm with the cross-head speed of 2.5 mm/min.
Water absorption test was conducted in accordance with the British Standard test method BS EN 319:1993. Specimens with the dimension of 50 mm × 50 mm × 12 mm was immersed in distilled water having pH of 7 ± 1 and temperature of 20° C ± 1 with their faces vertical clean for 24 hours.
RESULTS AND DISCUSSION
Flexural Strength
The flexural properties of particleboard reinforced with cotton fabrics achieved from the test are shown in Table 2 . It shows the cotton fabric layers effect on the flexural strength of hybrid composite and it clearly indicates that the flexural strength of the hybrid composite is significantly improved by the incorporation of cotton fabric. Sample 3CL showed the highest flexural strength increased about 205% higher than control sample. However, a further increase in layer of cotton fabric to 4 layers did not exhibit any significant improvement, but the strength was still 109% higher than the control sample and 2CL sample. 
Water Absorption
Water absorption is the test to determine the water uptake of particleboard when immersed in water bath for 24 hours. From the Table 3 , the control sample shows the highest water absorption with 54.76% as compared to the rest particleboard samples. The water uptake of composite reinforced with 2 layer cotton decreases at 33.07%, while composite reinforced with 3 layers cotton decreased at 31.82%. Water absorption of the particleboard is continuously decreased to 22.91% when 4 layers cotton fabric were incorporated in it. It is clearly shows that the incorporation of cotton fabric could reduce the water absorption thus enhance the dimensional stability of the particleboard. This might be due to the good penetration of resin on fabric system that fully closes all the connection between hydroxyl groups of fabric with the water. Therefore, amount of water rejection is increased with the increment of cotton fabric layers in particleboard system. 
CONCLUSIONS
Particleboards reinforced with cotton fabrics have better results of flexural and water absorption properties than the control sample. In terms of flexural strength, the existence of cotton fabric can enhance up to 205% on flexural strength and this can be achieved by integrating 3 layers of cotton fabric. Fracture analysis on tested sample when subjected to force clearly shows that there is no delamination with the cotton fabric indicates the good adhesion between the substances due to good immersion of urea formaldehyde resin. It also enhanced the flexural modulus thus prolonged the failure extension. However, it seems that the optimum number of fabric sheet can be integrated in this system is limiter to 3 layers only and other number exceed that will result in decreasing the mechanical properties.
In term of water absorption, the incorporation of cotton fabric enhanced the water absorption of the particleboard. Unlike mechanical properties, water absorption has continued to decrease even with the integration of 4 layers of cotton fabric. Again, this indicates good immersion of resin, which fully wet the fabric and rejected any chance of water to interact with the hydroxyl group of cotton fabric.
Particleboards reinforced with textile fabrics were also recorded to have lower water absorption in comparison with control sample. Furthermore, particleboard reinforced cotton fabric showed lower water absorption than particleboard reinforced polyester fabric due to poor adhesion between polyester and urea formaldehyde. In terms of thickness swelling, both types of particleboard possessed higher values than control sample.
Overall, these new fabricated particleboards showed better results with the incorporation of textile fabric layers. The study has provided better understanding on mechanical and physical properties of particleboard reinforced with textile fabrics. Instead of applying chemical treatment which is the most common method to enhance the mechanical and physical properties, the use of fabric as reinforcement in particleboard can be another option in order to develop suitable composite with good properties.
